known as nitrogen fixing bacteria and have a symbiotic relation with root of legume plants. Some Rhizobia contain the enzyme ACC deaminase (15) . Drought and salinity are the most common environmental stress factors for plants in Iran, where about 75% of the land area is semi-arid or arid and the total saline soils are approximately 55.6 Mha (about 34% of the land area) (8, 9) . Therefore, development of biofertilizers containing ACC deaminase enzyme will be very important in these stressed conditions in Iran. In this research, some indigenous Sinorhizobium meliloti strains were investigated for ACC deaminase enzyme activity. Four strains were selected for further investigation. We sequenced 16S rRNA and ACC deaminase (acdS) gene of these strains. The sequence of 16S rRNA gene has been widely used as a molecular tool to estimate relationships among bacteria (phylogeny), but more recently it has also become important as a means to identify an unknown bacterium to the genus or species level. We postulated that these strains have ACC deaminase activity. Here we describe isolation, cloning and sequence of acdS gene of Sinorhizobium meliloti KYA40 and KYA71 strains.
Objectives
The main objectives of this study was th evaluation of 1-aminocyclopropane-1-carboxylate (ACC) deaminase genes (acds) for further studying of environmental stresses such as dry and saline soils in future investigations.
Materials and Methods

Isolation of ACC-utilizing strains
One hundred and sixty eight strains of Sinorhizobium meliloti were obtained from the collection of Soil and Water Research Institute of Iran. Before assaying the ACC deaminase activity of strains they were screened on ACC containing Rhizobium minimal medium (RMM) and classified based on the growth rate by measuring the difference between colony diameter on ACC and control plates. Three series of plates were prepared; 1. RMM (as a negative control). 2. RMM supplemented with 150 μL of 0.3 M ACC, 3. RMM supplemented with 150 μL of 0.3 M NH 4 Cl (as a positive control). The colony diameter was measured after 4 days incubation at 28ºC. One strain of each group was selected for further investigation.
Solution 1 and 2 autoclaved separately. Thesolution 3 filter-sterilized through a 0.2 ìmmembrane andadded to mixed medium at about 50ºC (Table 1) .
Genomic and total DNA preparation
Pure cultures of Sinorhizobium meliloti isolates were grown in 50 ml conical flasks containing 25 ml of Yeast Extract Mannitol Broth medium (12) . The cells from 5 ml were pelleted in a bench centrifuge (7500 g in 10 min in 4ºC) and the resuspended pellets (50 μL) were transferred into 1.5 ml centrifuge tubes, followed by washing the cells three times with 500 μL TE buffer (10 mM Tris HCl, 1 mM EDTA, pH 8.0). The cells were re-suspended in 100 μL of a solution containing 25% sucrose, 1 mg/ml lysosyme, 10 mM Tris HCl, pH 8.0 at 37ºC for 15 min. The lysate was mixed gently with 150 μL of 7.5 M ammonium acetate and mixture was extracted with 500 μL of chloroform/isoamyl alcohol (24:1, v/v) by mixing and centrifuging in 9500 g for 10 min. The aqueous layer was transferred to a clean 1.5 mL centrifuge tube and the DNA was precipitated by propanol. DNA was washed twice in 100 μL 70% ethanol and then resolved in 20 μL of TE buffer (13) . For preparation of total DNA from Sinorhizobium meliloti about 100 μL of culture was centrifuged at 9500 g for 3 minute. The cells were re-suspend- Khosravi 
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ed in 50 μL distilled water and boiled for 5 minutes and centrifuged at 9500 rpm for 5 minute. 2 μL of the supernatant was used as template in 25 μL PCR reaction.
Amplification and sequencing of 16S rRNA
The universal Primers, fD1 5' AGAGTTTGATCCTGGCTCAG 3' and rD1 5'AAGGAGGTGATCCAGCC 3' (14) were used for PCR amplification of 16S rRNA gene. PCR products were cleaned by High Pure PCR Product Purification Kit (Roche Molecular Biochemicals, Mannheim, Germany). The partial nucleotide sequences of the 16S rRNA gene were determined by direct sequencing of appropriate PCR products using fD1 and rD1 primers. The sequences of 16S rRNA were compared with sequences from NCBI Gene Bank database.
Amplification, cloning and expression of ACC deaminase (acdS) gene
Two specific primers ACCDF: 5´-ATGTCACT-GTTGGAAAAGTTCGA-3´ and ACCDR: 5´-TCAGCCGTCCCTGTAATAGC-3´ were designed for amplification of the ACC deaminase gene (Analysed by OligoAnalyzer 3.1). The genomic and total DNAs of four strains were used as a template in the PCR reaction. The following temperature profiles were used for PCR amplification: 95ºC for 5 min for an initial denaturation; 30 cycles of denaturation; at 94ºC for 1 min, annealing at 53ºC for 1.5 min, extension at 72ºC for 1.5 min, and a final extension at 72ºC for 10 min. The pfu DNA polymerase was used for DNA amplification in PCR. PCR products were purified by High Pure PCR Product Purification Kit, (Roche, Cat. No. 11732668001). The pure PCR products were evaluated by electrophoresis on 1% agarose gel. The PCR products of ACC deaminase (acdS) gene were extended at 72ºC for 30 min by taq DNA polymerase and dATP for A-end tailing. The high purified PCR products were ligated to pTZ57R/T cloning plasmid (Fermentas, Germany) and transformed into E. coli DH5α. The transformants were spreaded on LB agar medium containing IPTG, Xgal and Ampicilin and incubated at 37ºC for 16 h. Four white colonies were selected and cultured in LB medium and incubated at 37ºC for 24 h. The transformants were evaluated for inserted DNA by PCR using universal M13-pUC primers: Forward (17mer):
ne of the white colonies that received inserted fragment of the acdS gene was confirmed by PCR using ACCDF and ACCDR primers. The recombinant plasmids containing acdS were sequenced for ultimate confirmation.
ACC deaminase activity
The strains were grown in Yeast Extract Manitol Broth medium to late log phase before the cells were harvested by centrifugation (8000 rpm in 10 min), washed with 0.1 M Tris-HCl (pH=8.5) and incubated in RMM containing ACC as the sole source of nitrogen for 24 h. The bacterial cells were collected, re-suspended in 0.1 M TrisHCl, 30 μL toluene were added to the cell suspension. The toluenized cells were divided in two aliquots. In one aliquot, ACC deaminase activity was assayed immediately by adding 0.5 M ACC and α-ketobutyrate is derivative as a phenyhydrazone and then the absorbance is measured at 540 nm (3, 10) . In another aliquot of toluenized cells, the total protein was assayed by by Bradford method (11) using bovine serum albumin as standard. One unit of ACC deaminase activity identified as formation of 1 nmol of α-ketobutyrate per mg protein per hour under these conditions.
Results
ACC deaminase activity of strains
From 168 isolates, 77 isolates were able to grow on ACC containing medium. Based on the colony diameter of isolates on RMM medium, strains were categorized in four groups, zero, <2, 2-6 and >6 mm. (Table 2) .
Twenty strains of 168 strains (five strains fromeach group) including high, medium, weak and nogrowth were selected for future investigation. These strains were selected based on other similar morphological and physiological characteristics (data not shown). Different strains obtained on ACC containingmedium showed differences in their deaminase activities, as shown in Table 3 . The results showed that, ACC deaminase activity of strains was 0-326 nmol of α-ketobutyrate mg -1 protein h -1 ( 
Analysis of 16 S rRNA genes
PCR with universal Primers, fD1 and rD1 resulted in 1500 bp fragment of 16S rRNA gene sequence (Figure 1.) . The sequences were subjected to BLAST (Basic Local Alignment Search Tool) in NCBI data base to compare a DNA sequence with DNA sequences in the database which showed that these strains are Sinorhizobium meliloti.
The 16S rRNA gene sequences of Sinorhizobium meliloti strains were submitted to the GeneBank/NCBI database under the accession numbers of EU625296 (S. meliloti KYA27), EU603723 (S. meliloti KYA40), EU603721 (S. meliloti KYA71) and EU625297 (S. meliloti KYA95). A 1.5 kb fragment of 16S rRNA for each strain was detected. Ethidiombromid stained agarose gel of the PCR products of 16S rRNA showed in Figure 1. 
ACC deaminase genes
PCR with the primers ACCDF and ACCDR resulted in 1020 bp fragment for strains KYA40 and KYA71. The Ethidium bromide stained Agarose gel of the PCR products of ACC deaminase gene in strain KYA40 and KYA71 are shown in Figure 2 for colony PCR and in Figure 3 for genomic DNA.
The sequence analysis and BLAST search in NCBI revealed that these fragments are ACC deaminase gene. The sequence of acdS genes from strains KYA71 and KYA40 submitted to the GeneBank/NCBI database under the accession numbers of KYA71 (EU003994) and KYA40 (EU603722).
Discussion
The 16S rRNA evaluation of the strains revealed that the bacteria used in this study are sinorhizobium melioloti and this means that the previous biochemical tests for identification of these bacteria were accurate. The results of the present study clearly demonstrated that some of Sinorhizobium meliloti strains native to soils of Iran contain ACC deaminase enzyme. The first presence of ACC deaminase in Rhizobia was reported by Ma and colleague (15) . Peters and Crist-Estes reportedthat ethylene inhibits nodule development in alfalfa (Medicago sativa) (16) . It was reported that strains of rhizobia that have ACC deaminase enzyme may have the ability to lower ethylene levels in their host specific legumes and overcome some of the negative effects of ethylene on nodulation. Ma et al., (17) reported that Sinorhizobium meliloti containing ACC deaminase-producing activity showed 35-40% greater efficiency in modulating of alfalfa than strain without ACC deaminase activity. Hence the ACC deaminase containing Sinorhizobium meliloti strains obtained from this research can be used for future investigation and inoculation of alfalfa in salinity and drought stress conditions in Iran. Therefore these genes may be Khosravi H. et (19) reported that substitution of Asp44 with Gly44 by point mutation causes deactivation ACC deaminase activity. They concluded that the highly conserve Gly44 is important in gating ACC (substrate) entry enzyme's active site.
The comparison of amino acid sequences of acdS gene of KYA40 and KYA71 with other Table 3 . ACC deaminase activity sequences in database showed that the amino acids 37 to 58 in almost all strains are similar ( Figure 4) . Therefore, it is concluded that it may be a conserve region in acdS genes and any changes in this region may cause change in ACC deaminase activity. Shah et al., (20) showed that the codons used by ACC deaminase genes of Pseudomonas putida, P. fluorecens and Enterobacter cloacae are highly conserved. Duan et al., (22) reported relatively little diversity in ACC deaminase genes of some Rhizobium strains isolated from a wide geographic area. 
